Dr. Orozco: The patient is a 57-year-old female patient who presented to the emergency room with rapid onset of lower extremity edema. She denied any other systemic symptoms. Her past medical history was significant for vascular headaches and springtime allergies. Medications included calcium, vitamin D supplementation and desloratadine. Physical examination revealed a healthy-looking woman in no apparent distress. Her blood pressure was 140/90 mm Hg, heart rate 80 per min and a temperature of 37 ° C. The remainder of the examination was unremarkable, except for 2++ edema in the lower extremities. Laboratory evaluation was as follows: urinalysis showed specific gravity 1,030, pH 6.0, blood ++, albumin +++. Urine microscopy showed: 70 red blood cells/high-power field (RBCs/HPF), few hyaline casts and several fat droplets but no cellular casts. The urine albumin-to-creatinine ratio was high: 12,468 (normal value ! 30). Electrolytes were within the normal range, Blood urea nitrogen was 28 mg/dl, serum creatinine was 0.9 mg/dl (80 mol/l), corresponding to an estimated glomerular filtration rate of 60 ml/ min/1.73 m 2 by the four-variable Modification of Diet in Renal Disease (MDRD) equation. A serum creatinine test taken 3 months earlier was 0.74 mg/dl (65 mol/l). The hemoglobin was 13 g/dl, leukocyte count was 13,960/ l, platelet count was 150,000 and erythrocyte sedimentation rate was 18 mm/h. Liver function tests were all normal. Serum albumin was 2.5 g/dl, total cholesterol was 279 mg/dl (7.3 mmol/l) with an LDL cholesterol concentration of 213 mg/dl (5.5 mmol/l; normal value ! 130 mg/dl or 3.3 mmol/l). D -dimer concentration was elevated at 3.75 g/ml (normal value ! 0.5 g/ml). Immunologic data showed an antinuclear antibody titer of 1/40. Results of antineutrophil cytoplasmic antibodies, anti-double-stranded DNA antibodies, C3/C4 comple-
c241 ment levels, anticardiolipins antibodies, hepatitis B, C, and HIV serology, as well as serum and urine monoclonal protein evaluation were all negative or in the normal range. Chest radiography was normal and Doppler ultrasound of the lower extremities revealed no deep-vein thrombosis (DVT). Abdominal ultrasound showed normal-size kidneys, with no evidence for masses or hydronephrosis. To further evaluate the cause of the nephrotic syndrome, a renal biopsy was performed.
Discussion
Dr. Singh: I would like to invite Dr. Fernando Fervenza and Dr. Nelson Leung to discuss this patient's presentation.
Dr. Fervenza: Dr. Leung, could you please comment on the differential diagnosis for this patient?
Dr. Leung: The differential diagnosis of this patient comprises of common causes of severe nephrotic syndrome, such as membranous nephropathy, focal and segmental glomerulosclerosis, and minimal-change disease. I also think of amyloidosis as part of this group. Membranoproliferative glomerulonephritis is also part of the differential diagnosis, although normal serum complement levels, negative hepatitis C serology and the absence of circulating monoclonal protein make this diagnosis unlikely.
Dr. Fervenza: Dr. Orozco, you said there were numerous red cells on urine microscopy.
Dr. Orozco: Yes, you are right. There were 70 RBCs/ HPF.
Dr. Fervenza: Dr. Leung, does the fact that there was significant hematuria and proteinuria change your differential diagnosis? Also, the evaluation for monoclonal proteins was negative, both in plasma and urine. Do you still think amyloidosis remains a possible diagnosis?
Dr. Leung: We could also consider lupus nephritis, but the immunological panel is negative. IgA nephropathy (IgAN) would certainly also be possible, although proteinuria of 12 g/24 h is very unusual for IgAN alone. However, IgAN could occur along with severe podocytopathy. In my mind, amyloidosis remains a possibility because approximately 5% of patients with immunoglobulin light-chain amyloidosis are negative by serum and urine immunofixation. As well, AA (which is also known as secondary amyloidosis) and hereditary forms of amyloidosis do not have a monoclonal protein. Thus, immunofixation would be negative.
Dr. Morales: Dr. Orozco, why were laboratory tests performed 3 months before the patient presented to you?
Dr. Orozco: She was evaluated because of headaches. These headaches were attributed to a vasomotor cause. During the current admission, and 3 days after her renal biopsy, persistent headaches led us to obtain a head CT and magnetic resonance evaluation; both were normal. At that time, a contrast-enhanced CT of the abdomen and thorax was also performed and showed thrombosis of the left renal vein ( fig. 1 ) ; there was also an embolus in the right lower pulmonary lobe. The patient was then started on anticoagulation therapy with low-molecular-weight heparin.
Dr. Fervenza: Were you concerned about anticoagulating this patient 3 days after a renal biopsy?
Dr. Orozco: Yes, but the patient had no complication or hematoma on the CT. I want to comment also that at the beginning the patient had elevated D -dimer concentrations and was nephrotic. Interestingly, the initial search for a DVT was negative.
Dr. Fervenza: What would have been your approach if renal vein thrombosis had been detected before you performed the kidney biopsy? Would you have done the biopsy or would you have initiated anticoagulation first, and delayed the biopsy? Dr. Fervenza: In my opinion, the presence of thrombi in the context of severe nephrotic syndrome poses an interesting management dilemma. Because of the presence of a DVT, or renal vein thrombosis, I would have anticoagulated the patient first and delayed the biopsy until the clot was stable (for example, a delay of 3 months). In the presence of a DVT or renal vein thrombosis, there is a great risk of developing pulmonary emboli, which in fact occurred in this patient, and can be associated with significant morbidity/mortality. Under these circumstances, I believe the priority should be the patient's life rather than the diagnosis.
Dr. Fervenza: Could we look at the biopsy now? Dr. Contreras (renal pathologist): On light microscopy, we saw a relatively normal kidney cortex. There was little interstitial fibrosis, but the glomeruli showed important mesangial and endocapillary proliferation. Four of the twenty available glomeruli showed epithelial crescents. Immunofluorescence showed positive staining for IgA, C3, and . Electron-microscopic examination showed mesangial electron-dense deposits, with no subendothelial deposits. Diffuse podocyte effacement was present in the free loops. The diagnosis was IgAN (class IV in the Hass classification) [1] with diffuse podocyte damage ( fig. 2 ) . We have not adopted the Oxford classification as yet [2, 3] .
Dr. Fervenza: Dr. Contreras, did you measure the thickness of the glomerular basement membrane?
Dr. Contreras: Yes, but we did not detect thin glomerular basement membrane if that is what you are asking. Thin glomerular basement membrane abnormalities (TBMAs) have been described in approximately 5% of native kidney biopsies. TBMAs are more common in patients with IgAN and mesangial proliferative glomerulonephritis [4] . In the present case, the width of the podocytes was very similar to the width of the glomerular basement membrane and no evidence of lamellation was seen to suggest an inherited nephropathy.
Dr. Leung: In summary, this patient had IgAN, likely with superimposed minimal-change disease, or minimal-change disease with IgAN in the background. Dr. Fervenza: I would say the patient had IgAN with an associated podocytopathy because, strictly speaking, minimal-change disease is defined as the absence of glomerular abnormalities on light microscopy and negative immunofluorescence, which was not the case in this patient. However, it is well recognized that approximately 5% of the patients with IgAN present with acute-onset nephrotic syndrome, behave clinically as having minimal-change disease, and the prognosis is dictated by the response to corticosteroid therapy [5] [6] [7] .
Kim et al. [6] performed a retrospective analysis on 581 patients with IgAN and reported that nephrotic syndrome was the initial form of presentation in 48 patients (8.3%). Twenty-five patients were treated with high-dose corticosteroids. In 12 patients, complete remission of proteinuria was achieved within 2 months from the start of therapy. Electron-microscopic examination showed extensive foot process effacement in 8 patients, while focal effacement was seen in the remaining 4 patients. Similar to patients with minimal-change disease, relapses were frequent but reintroduction of immunosuppression therapy resulted in remission in all cases. The long-term prognosis was excellent and none of these patients progressed to end-stage renal disease (ESRD) [6] . A similar beneficial effect of corticosteroid therapy in 7 (40%) out of 17 patients with IgAN and nephrotic syndrome was reported by Lai et al. [8] .
On the other hand, patients who do not respond to corticosteroid therapy are likely to progress to ESRD. In the study by Kim et al. [6] cited above, among 13 patients who did not respond to corticosteroid treatment, 5 patients (38%) progressed to ESRD. When renal biopsies were graded according to the classification proposed by Lee et al. [9] , responders were shown to have mild histological grading (grade I, n = 3; grade II, n = 5; grade III, n = 4; none with grade IV or V). In nonresponders, widespread foot process effacement was seen in 2 patients and focal effacement was present in 6 patients [6] . Similarly, in the study by Lai et al. [8] , 6 of the 7 patients who responded to corticosteroids had mild glomerular injury.
I think it is important to recognize that IgAN may present as one of several different clinical syndromes; isolated hematuria or proteinuria, nephritic syndrome, and the nephritic syndrome with or without rapidly progressive glomerulonephritis. Our patient presented with sudden onset of nephrotic syndrome (i.e. proteinuria 1 3.5 g/24 h and serum albumin ! 3 g/dl), in which renal function is preserved (except in cases of superimposed acute tubular necrosis, ATN). The pathology may show only mild glomerular lesions and/or tubular damage. This presentation needs to be contrasted with a more insidious increase in proteinuria that can reach the nephrotic range, but these patients do not have the nephrotic syndrome. I would say that patients in the first group have an IgAN-associated podocytopathy and are likely to respond to high-dose corticosteroids, while patients in the second group tend to be older, have more severe hypertension, increased serum creatinine and more severe glomerular and tubulointerstitial damage (e.g. concomitant focal segmental glomerulosclerosis with tubular atrophy). This last group is unlikely to benefit from corticosteroid therapy.
Interestingly, a few years ago, I saw a patient who presented with severe nephrotic syndrome, proteinuria of 7 g/24 h and a serum creatinine of 5 mg/dl, and the renal biopsy showed IgAN, 100% podocyte effacement, ATN, and on top of this, the patient also had TBMA. The patient was treated with high-dose corticosteroids and went into complete remission. One year later he relapsed with proteinuria going up to 12 g/24 h and again he went into acute renal failure. He underwent a repeat renal biopsy that showed exactly the same findings as seen in the first biopsy.
Dr. Contreras: I wonder if we could advance a hypothesis about the mechanisms that allow that a predominantly mesangial disease such as IgAN could suddenly present with nephrotic syndrome and behave like minimal change disease (MCD), which reflects a podocytopathy?
Dr. Fierro: One of the main facts in IgAN is the deposition of IgA-containing immune complexes in the mesangium. The deposition of immune complexes induces inflammation. This occurs either by direct activation of the complement system, by activation of specific receptors or by being the target of an IgG anti-IgA. Whatever the mechanism, these immune complexes induce inflammation, could disrupt the basal membrane and affect the podocytes. However, I do not think that this is the mechanism in patients who present with sudden onset of nephrotic syndrome and who rapidly respond to corticosteroids as a patient with MCD. My guess is they are coincidental processes. Just because a patient has IgAN does not prevent him from developing MCD. In fact, in a number of cases of recurrent nephrotic syndrome in which sequential renal biopsies were performed, initial biopsy showed MCD, not IgAN [10] . However, subsequent biopsies showed IgAN. The concept of two diseases coexisting together is an important one because, as discussed by Dr. Fervenza, management is different. Dr. Orozco: As discussed previously, nephrotic syndrome is uncommon ( ! 5% of all cases) in patients with IgAN and is more commonly seen in children and adolescents [11] . Based on the findings on the renal biopsy, the patient was started on prednisone (1 mg/kg/day, orally). However, 14 days after the start of corticosteroid therapy, she returned to the clinic feeling unwell, complaining of lack of energy, anorexia, bilateral flank pain, and macroscopic hematuria. Her creatinine had risen to 4.5 mg/dl (398 mol/l) corresponding to an MDRD calculated clearance of 8 ml/min. There was no history to suggest dehydration (e.g. no vomiting or diarrhea) nor had the patient been taking any nephrotoxic medication. She was treated with 3 pulses of methylprednisolone, 500 mg each, intravenously, and due to the uncertainty of the cause of her acute renal failure a second renal biopsy was performed.
Dr. Espinoza: Did you consider that she could have thrombosed both renal veins?
Dr. Orozco: Yes, but we found this unlikely. Following the initial treatment with low-molecular-weight heparin the patient had been converted to oral anticoagulation with warfarin and at the time of her second presentation her international normalized ratio (INR) was 3.0.
Dr. Fierro:
Despite steroid treatment, the patient presented with acute kidney injury superimposed on heavy proteinuria and hematuria. The clinical presentation had changed and the differential diagnosis is worthy of discussion. We considered the possibility of ATN, but the presence of crescents in the first biopsy also prompted us to consider the possibility of a crescentic glomerulonephritis. Back in the 1980s, Bennett and Kincaid-Smith [12] conducted a study correlating macroscopic hematuria, glomerular crescents and renal dysfunction in patients with IgAN. They looked at 186 renal biopsies from 79 adult patients with IgAN and divided the patients in either those with a history of macroscopic hematuria (group 1; n = 40) or those without such a history (group 2; n = 39). Patients in group 1 had higher serum creatinine and lower creatinine clearance than patients in group 2. Fourteen biopsies were performed in 11 patients during an episode of macroscopic hematuria and all showed crescents (100%). In the 10 patients who underwent renal biopsy 3-27 days following an episode of macroscopic hematuria but still had 1 10 6 RBCs/ml in the urine ( of macroscopic hematuria but with 1 10 6 RBCs/ml in the urine, 79% had crescents on the biopsy. This all tells us that in patients with IgAN, heavy or macroscopic hematuria is associated with a high likelihood of crescents on renal biopsy and worsening renal function. It was important for us to determine the precise diagnosis because if the biopsy showed ATN, then treatment would be largely supportive. On the other hand, if the kidney biopsy showed an active crescentic glomerulonephritis, we could consider treating with cyclophosphamide or even plasmapheresis, although this last form of treatment has been controversial in patients with IgAN.
Dr. Contreras: The second biopsy again showed IgAN, but this time we found plenty of red blood cell casts in the tubules, as well as clear signs of ATN. Immunofluorescence examination showed similar findings to the first biopsy. Electron microscopy examination showed a slightly lesser degree of podocyte fusion in comparison to the first biopsy ( fig. 3 ) Dr. Orozco: In patients with IgAN, episodes of selflimited recurrent macroscopic hematuria are common, and usually coincide with an episode of respiratory tract infection or bacterial tonsillitis (synpharyngitic hematuria). However, in patients with IgAN, development of acute kidney injury is uncommon ( ! 5% of all cases) [11] . Two mechanisms have been proposed: (1) severe inflammatory injury, e.g. crescentic glomerulonephritis, and (2) ATN resulting from tubular cell injury in patients with heavy hematuria [13] [14] [15] [16] . In a study of 244 patients with IgAN, episodes of acute renal failure were observed in 16 patients [13, 14] . All 16 patients had a history of heavy/macroscopic hematuria. As in the present case, flank pain accompanied the macroscopic hematuria in 10 of these patients. In 13 out of the 16 patients, renal biopsy was done at the time of presentation with acute renal failure and showed crescents in all. As previously discussed, crescents are commonly seen in patients with IgAN, especially in the presence of macroscopic hematuria, but they usually involve less than 25% of the glomeruli [12] .
In all of the 13 patients described above, renal biopsy showed extensive RBCs and red blood cell casts in the tubules as well as morphological changes of ATN, but in only 1 case were the crescents sufficiently widespread to explain the cause of the renal failure [15] . In these cases, acute renal failure has been ascribed to tubular obstruction by red cell casts [17] . However, the most common histological lesion is ATN and the presence of hemoglobin and hemosiderin in the tubular cells [1, 2] . This suggests that either hemoglobin or the iron released from lysed red cells is responsible for the tubular damages [18] . This form of acute renal failure is generally a benign complication; the serum creatinine concentration most commonly returns to baseline levels within several weeks to months, even if dialysis is temporarily required [13] [14] [15] . However, incomplete recovery of renal function has been described in up to 25% of affected patients [19] .
Dr. Fervenza: Intratubular obstruction by heme pigment casts may be directly toxic to proximal tubular cells as the free iron induces oxygen radicals while the heme protein increases the sensitivity to oxygen radicals [20, 21] . It is worth mentioning that hypovolemia and acidosis predispose experimental animals and humans to pigment-induced ATN, since at acid pH, myoglobin and hemoglobin are sources of ferrihemate, a potent inhibitor of tubule transport.
Dr. Fierro: There is a recent report on a patient with macroscopic hematuria and ATN [22] . Renal biopsy showed IgAN with extensive interstitial red blood cell extravasation, hemosiderin deposition, and abundant macrophage infiltration, suggesting a role for free hemoglobin in the pathogenesis of tubulointerstitial injury.
Dr. Contreras: I would say that the present case differs from the one you described because renal biopsy showed only scan mononuclear infiltrate and there was minimal extravasation of red cells in the interstitium.
Dr. Leung: Should this patient have been treated according to the Pozzi protocol?
Dr. Orozco: I would think rather not. The study by Pozzi et al. [23, 24] you are referring to was conducted in patients with IgAN who had proteinuria 1 1 g/24 h but ! 3.5 g/24 h, thus these patients did not have full-blown nephrotic syndrome as in the present case. In my opinion, patients with IgAN and nephrotic syndrome should be treated as MCD [8, 25] . In these patients, mesangial IgA deposits often disappear, or are greatly reduced over time [26] [27] [28] . On the other hand, nephrotic syndrome can also occur with severe chronic IgAN and relatively advanced disease on renal biopsy. These last patients do not seem to benefit from corticosteroid therapy alone [8, 25] .
Dr. Fervenza: It is important to emphasize that although it is well known that the majority of patients with IgAN have some degree of proteinuria, and that a number c246 of studies have demonstrated that the degree and duration of proteinuria have a strong correlation with prognosis [29] [30] [31] [32] [33] [34] , and in fact some of the patients included in the studies may have nephrotic-range proteinuria, only a hand full of patients may actually present with nephrotic syndrome. This distinction is important when analyzing studies evaluating effects of immunosuppression therapy in patients with IgAN.
Dr. Fervenza: What happened to the patient? Did renal function improve?
Dr. Orozco: No, her renal function continued to deteriorate. Her nephrotic syndrome also did not improve. Her serum creatinine reached 3.0 mg/dl (265 mol/l) and, therefore, we decided to treat her with cyclophosphamide in intravenous pulses. After 5 pulses, her serum creatinine decreased to 1.6 mg/dl (140 mol/l). In December 2010, 1 year after the first kidney biopsy, her serum creatinine remained at 1.5 mg/dl (132 mol/l), corresponding to an estimated glomerular filtration rate of 35 ml/min/1.73 m 2 by the four-variable MDRD equation. Dr. Singh: What was the rationale to use intravenouspulse cyclophosphamide?
Dr. Orozco: It was based on inference from the antineutrophil cytoplasmic antibody-vasculitis literature showing that intravenous-pulse cyclophosphamide is as effective as oral cyclophosphamide in patients with rapidly progressive glomerulonephritis [35] . The best evidence for the use of cyclophosphamide in IgAN comes from the study by Ballardie and Roberts [36] , but they use oral cyclophosphamide combined with prednisolone.
Dr. Fervenza: Dr. Orozco, would you like to comment on the epidemiology of IgAN?
Dr. Orozco: IgAN is considered to be the most common glomerulonephritis in the world. A study conducted in 1 50,000 young to middle-aged Japanese males that were part of a screening program for hematuria and proteinuria showed that about 1.5% of the participants had abnormal urinary findings, e.g. hematuria and/or proteinuria [37] . When these patients were biopsied for isolated microscopic hematuria, 76% of them had IgAN, and if biopsied for isolated proteinuria, then 37% had IgAN. But when patients were biopsied with both, 1 90% had IgAN. This gives a prevalence of IgAN in Japan of about 1: 100 [37] . An interesting point regards the age of presentation of IgAN. The disease is said to present at an early age, but data coming from Australia suggest that this is not the case for males. In a retrospective review of the pathology reports of all native renal biopsies performed in the state of Victoria in 1995 and 1997, IgAN was the most common glomerulonephritis found in adults, and although the age of presentation peaked between 25 and 34 years in females, the same peak was 55-64 years in males [38] .
Dr. Singh: Do you have any data regarding the epidemiology of IgAN in Chile?
Dr. Fierro: Yes, there are interesting Chilean data. Dr. Helmar Rosemberg, from the Catholic University in Santiago, examined the prevalence of IgAN in his biopsy material and found that IgAN was the most common glomerulopathy (25%) [39] . Thus, not only in the US, Europe and Japan but also in Chile is IgAN the most common glomerulopathy found in patients who undergo a kidney biopsy. In the mentioned study, the morphologic features ranged from minimal changes to diffuse sclerosing glomerulonephritis, also including diffuse crescentic glomerulonephritis. Clinical findings at the time of renal biopsy included isolated hematuria in 61%, nephrotic syndrome or proteinuria in 11%, hypertension in 16%, chronic renal failure in 7%, acute renal failure or nephritic syndrome in 3% and rapidly progressive glomerulonephritis in 2%. The authors confirmed that IgAN leads to a variety of forms of renal damage, including the less frequent severe crescentic glomerulonephritis.
Dr. Singh: I think that it is important to recognize that a small number of IgAN patients may present with a fullblown nephrotic syndrome. These patients usually have minimal glomerular damage but diffuse foot process effacement on renal biopsy. They are likely to respond to corticosteroids and their long-term prognosis is excellent. On the other hand, as discussed by Dr. Fervenza, there is a second group of patients with IgAN that have nephrotic-range proteinuria but not nephrotic syndrome. These patients usually have impaired kidney function at presentation, and are more likely to be hypertensive. In these patients, the renal biopsy usually shows more severe glomerular and tubulointerstitial damage. Patients in the second group are less likely to benefit from corticosteroid therapy, and their long-term prognosis is poor. The present case also illustrates another unusual presentation in IgAN, and that is of ATN. Usually, these episodes of ATN are self-limited, dialysis is rarely required and renal recovery is the norm, although it has been said that in elderly patients recovery may be more protracted. The current case also raises the management dilemma of how to manage renal vein thrombosis in patients with severe nephritic syndrome. While anticoagulating the patient may interfere with performing a renal biopsy, as Dr. Fervenza discussed, the overall safety of the patient should be our paramount concern. Thank you all for your outstanding case discussion.
